Bone biopsies of the iliac crest (Table 1 , columns 19 to 24): Undecalcified 10 ,u sections have been quantitated using the Zeiss integrating eye piece (Bordier et al. 1964) . In T+ cases the proportion of cancellous bone (total or only calcified) in the specimen (columns 19 and 20) is decreased (osteoporosis) whereas in hypothyroidism, cancellous bone may be greatly increased. Osteoid formation (columns 21 and 22) is also increased in T+, and normal or slightly reduced in Tcases. The relationship between osteoid formation and bone formation (expressed in column 23 as a ratio between osteoid with calcification front and total osteoid surface) remains normal in both T+ and T-. Considering the appearance of the edges of the bone trabeculb (column 24) in T+ cases, 55 % and 59 % are scalloped by osteoclastic resorption, whereas in T-cases, this resorption is markedly reduced to 4%.
Discussion
From our results in these 6 cases of thyroid dysfunction, we can agree on three points with the general opinion in the literature:
(1) The rate of Ca absorption is decreased in hyperthyroidism and increased in hypothyroidsim, which is probably a direct effect of thyroid hormone, since Schachter (1963) demonstrated inhibition by thyroxine of Ca transfer through intestinal mucosa.
(2) Changes in the amount of histological cancellous bone, opposite in hypo-and hyper-thyroidism, seem to be inversely related to the rate of resorption, as shown by both kinetic and histological estimations.
(3) The excess of osteoid tissue has been claimed to be specific to osteomalacia (Follis 1953) ; but Adams et al. (1967) reported a close relationship between osteoid formation and calcification front in thyrotoxicosis. As both they and our-selves find a disturbance of this relationship only in vitamin-D-deficient osteomalacia, it is not appropriate to describe the increased osteoid formation in our case of hyperthyroidism also as osteomalacia, as here it probably only indicates an increased rate of bone formation.
The high bone resorption observed histologically by us in hyperthyroid bones is similar to that observed in hyperparathyroidism, but parathyroid overactivity is unlikely to be involved because intestinal Ca absorption is low, total serum Ca is normal despite the high rate of resorption, there is a normal relationship between serum and urine phosphate, and plasma citrate is normal.
The bone changes in our patients with abnormal thyroid function seem to us to reflect a general action of thyroid hormone on all cells of the body, increasing catabolism more than anabolism. A lack of thyroid hormone is then compatible with a decrease of resorption leading to an increase of the amount of calcified tissue. On the other hand, an excess of hormone, enhancing resorption more than anabolism, decreases progressively the amount of calcified tissue. According to the literature reduced, normal or high numbers of active osteoblasts and normal or high osteoclastic activity may be found in the bone in hypercortisonism (Follis 1951 , Sissons 1956 , v.d. Heul et al. 1964 . Microradiographically a failing bone formation and an elevated bone resorption rate are reported in hypercortisonism (Riggs et al. 1966) . Kinetic studies with bone- seeking elements have provided data indicating an increased resorption of bone as the prinmary mechanism of action of excess glucocorticoid hormone (Fraser et al. 1960 , Gordan & Eisenberg 1963 , Lafferty & Pearson 1964 . With routine histology, tetracycline labelling (v.d. Sluys ) and chemical analysis we have studied biopsy material from the iliac crest of 24 patients (2 exogenous) and of 14 to 17 controls. All controls and 19 patients were older than 20 years.
Chemical analysis: For the adult Cushing patients the average phosphorus content of spongy bone did not differ from the average normal value (Fig 3) . The same applied to the average calcium content in these groups (238-3 and 235-0 pg/mg of bone respectively). The average hydroxyproline content, however, appeared to be depressed in the Cushing group. This results in a significantly elevated average phosphorus-hydroxyproline ratio in hypercortisonism, indicating an elevated average degree of mineralization of the bone matrix. The values for the adolescent Cushing patients are given separately, as for them no control data were available.
In osteoporosis of elderly people a similar reduction of the hydroxyproline content (per mg or mm8 of bone) has been found (Birkenhiiger-Frenkel 1966) .
Assuming a normal hydroxyproline content of the collagen molecule the reduced average collagen content per mg of bone in hypercortisonism could be caused by a low bone turnover rate of part of the bone with more complete mineralization than normally, selective resorption of lowdegree mineralized bone or the occurrence of an increasing amount of dead interstitial bone (Urist 1964) .
In general, degrees of mineralization and tetracycline uptake are negatively correlated (Birkenhager et al. 1966) . Within the Cushing group this inverse correlation was not found.
Histology: Of the bone samples obtained from the 17 adult patients with endogenous hypercortisonism 12 proved to be porotic judged by the histologic method of v.d. Heul et al. (1964) . In these cases the trabecular bone appeared to occupy from 6% to 15% of the surface of the section (Fig 1) , to be compared to a range of 18-24% (average 20%/) in a group of 14 adult controls. In 4 cases no measurement could be made because of mechanical damage to the samples. The number of active osteoblasts was judged to be elevated in 5 of 16 adult patients and normal in the remaining cases; an abnormally high osteoclastic activity was found in 8 of 16 adult patients.
Tetracycline labelling: The percentage of tetracycline-labelled surface of bone varied from 1 to 25 (average 11) (Fig 1) , to be compared to a normal range of 6 to 22 (average 12) in a group of 16 adult controls.
The average percentage of tetracycline labelling in the group of patients with normal osteoblastic activity was 7 and that in the group with osteoblastic stimulation 17 (P<0 05), which indicates a relationship between these two parameters of bone formation (Fig 2) Evaluation of the possible influence of the clinically and chemically assessed severity and duration of hypercortisonism on bone showed an increased osteoclasis in all severe cases.
Conclusions
(I) In hypercortisonism an elevated number of active osteoblasts may be found in the bone. In clinically severe cases a high osteoclastic activity was always found.
(2) The tetracycline uptake by the bone may be high, thereby showing a parallelism with osteoblastic activity.
(3) The average degree of mineralization of the bone, determined chemically, is above normal in most adult patients owing to a reduced collagen content.
(4) It appears that osteoporosis in hypercortisonism is caused by an increased bone resorption which may partly be compensated by an increased bone formation. At a later stage, probably, a low bone turnover will occur.
